Abstract The
Introduction
Due to intense processes of landscape transformation and subsequent degradation that has been occurring over the last century, actions aimed at preserving biotic and abiotic resources have become increasingly necessary and urgent nowadays. On the other hand, an enormous urban expansion and the increasing demand for natural resources impose socioeconomic barriers that challenge the conciliation of production systems with conservationist actions, which is mainly due to a lack of basic research and effective public politics. The creation of areas of integral protection conservation in Brazil presents distinctions when compared with those adopted by other countries. While in the USA, for example, national parks were set up in regions not yet occupied by colonizers, in Brazil many units were established in places where population concentrations already existed, because the purpose was to protect environmentally important areas from immediate impacts and future pressures (Castro Júnior et al. 2009 ). Thus, several environmental conservation units (CUs) face a conflicting relationship with human occupation, both in its interior and in its surroundings, which compromises the preservation of their natural resources and biodiversity protection, as well as interfering in the quality of life of residents. These conflicts may pose a threat to the stability of protected areas and cause a movement to reduce them through the downgrading, downsizing, degazettement, or reclassification (Bernard et al. 2014; De Marques and Peres 2015) .
Managing protected areas involves greater complexity when considering the need to create areas that buffer the surrounding pressures. In order for CUs to fulfill their role, they cannot be operated as islands, due to requiring actions on larger scales, such as the creation of buffer zones to be used as barriers. This prevents external anthropogenic activities that could endanger natural ecosystems within protected areas through habitat fragmentation and loss, introduction of exotic species and diseases, as well as contaminating the soil, water, and atmosphere (Vitalli et al. 2009 ). The concept of special zones around protected areas was introduced in 1971 through a program called BThe Man and the Biosphere Programme -MaB^(UNESCO 1971) which created biosphere reserves composed of a nucleus zone, formed by protected areas, and a buffer zone (BZ) where social, cultural, and environmental sustainable economic and human development activities can be authorized.
The first legal decree that established a special protection zone around CUs in Brazil was the Resolution 13/90 (Brasil 1990 ) created by the National Environment Council (CONAMA), which makes use of the term BSurrounding zone^to define the region located within a radius of 10 km around CUs. In Brazil, the term BZona Tampão^is also used to designate the region around a CU, while the term BBuffer Zone^is used internationally. Law 9.985/2000 (Brasil 2000) established the need for a BZ, defined as the surroundings of a CU, where human activities are subject to specific norms and restrictions in order to minimize negative impacts on it; its extent, location, and restrictions should be defined once a management plan is drawn up. The Sao Paulo State has established the Decree 60302/14 (São Paulo 2014), which instituted the São Paulo State Management System of Protected Areas and Areas of Environmental Interest (SIGAP). This decree determines that areas comprising the BZ of a CU should be considered as a priority in the formulation of public policies of economic incentives for preserving the surrounding zone. It also establishes a payment process for environmental services, both within the CU and its BZ, as well as in green corridors. Vitalli et al. (2009) have analyzed the importance of surrounding zones for CUs and found that their existence could only be effective if it were supported by specific legislation, since such lands are commonly owned by third parties, in which there is an administrative limitation that imposes restrictions on exercising the right of ownership, aiming at protecting natural resources. BZ extension is an important issue to be settled. Li et al. (1999) considered it simple to establish a fixed width around the protected area and suggested that its delimitation should be done in different sectors with different widths defined by ecological, social, and economic factors. The authors conducted a case study aiming to establish the BZ of the Yancheng Biosphere Reserve in China by using a method that combines quantitative and qualitative approaches.
Zoning of protected areas requires assessment of their several attributes according to multiple objectives. To promote transparency and facilitate communication with interested parties, a clear, detailed, and scientifically based methodology needs to be adopted (Geneletti and Duren 2008) . A quantitative method to form zones of protected areas and to assess their ecological implications was developed by Sabatini et al. (2007) ; these authors suggested an innovative methodology regarding the application of the quadratic distance between units of area, non-reciprocal weights for using nonadjacent lands, and the possibility of imposing connectivity restrictions. They considered that a quantitative method should not be a definite response to buffer zones around protected areas, but it is a quick and inexpensive tool that can provide starting points for participatory zoning to be undertaken by technicians and stakeholders involved. Zhang et al. (2013) applied, for the Meili Snow Mountain National Park in China, a methodology that uses geographic information system (GIS) techniques associated with a participatory process in which technicians and various social actors have identified and pondered criteria and impact factors for each action to be developed in the park, such as nature conservation, tourism/ recreation, and community development.
The relationship between people and protected areas has been researched both on conservation ecology and anthropology communities. Certain segments of the conservation community claim that protected areas can encourage immigration towards their outskirts, thus accelerating their isolation from natural landscapes. On the other hand, in anthropological segments, it is argued that protected areas can deter neighboring human communities and disrupt traditional rural development methods (Joppa 2011 (Joppa -2012 . This dichotomy can be observed in various works published about this issue. Wittemyer et al. (2008) analyzed the demographics of protected environmental areas in Africa and Latin America by finding a significant population increase within a 10-km area around them if compared to areas that do not belong to parks. They suggest that this pattern stems from people's expectation of enjoying the social, economic, and infrastructure benefits that parks can provide, which could pose a threat to biodiversity around the conservation units.
Similarly, Mmom and Mbee (2013) , studying the depletion of natural resources in the Gele-Gele Forest Reserve in Nigeria, found that there is a rapid decline in forest resources and biodiversity, which is caused by the growth of communities living around its area. The results also showed that when local population are not engaged in conservation efforts, the degradation process increases; however, when these local populations see themselves as actors in the conservation of protected areas, they contribute with a certain amount of effort to protect the environment. In Africa, population growth in the vicinity of CU was also studied by Bamford et al. (2014) in a wildlife management area in Tanzania. The authors found an annual growth of 5%, where the increase of the population does not seem to be related to the protected area because few residents know the wildlife management plan and few receive benefits from the wildlife and, therefore, had little reason to keep it. Harvey et al. (2008) studied biodiversity conservation in Central America and have suggested that a reconciliation between existing efforts in protected areas and environmentally sustainable agriculture in their surrounding zones would be interesting, both for the conservation and livelihood of rural communities. However, Schimandeiro et al. (2008) investigated the characteristics of agricultural systems used for cultivating corn and soybean in the surrounding zone of a State Park situated in Vila Velha, southern Brazil, a region where most farms pose a threat to local ecosystems preservation, and suggested that management alternatives for reducing the environmental impact of agricultural production could arise from experiments developed with producers by using cutting-edge technology and specialized technical support from research agencies.
The effectiveness of BZs that are already established, as well as the concern for preserving their biodiversity, has been the object of study of several researchers. Authors, such as Moraes et al. (2015) , Nora et al. (2009) , Lima et al. (2013) , Moraes et al. (2017) , and Almeida et al. (2018) , verified the low effectiveness of BZs in some Brazilian CUs. Costa et al. (2011) verified that most of Brazilian CUs face serious problems such as land issues, deforestation, and burnings, as well as a lack of personnel and infrastructure. The situation of urban CUs is much more serious when located in the middle of dense human occupation, where there are no governmental actions that control population growth in their surroundings. By suggesting a delimitation of the Pedra Branca State Park's BZ, located in the city of Rio de Janeiro, the authors mention population density as one of the main parameters to be analyzed, since densely populated areas should remain outside of the BZ boundary. Freitas Lima and Ranieri (2018) studied the relationship between the surrounding region of CUs that protect the Atlantic Forest in southeastern Brazil and concluded that the effectiveness of the BZs depends on a good relationship with the local municipal governments responsible for the elaboration of the municipal master plans. Otherwise, the establishment of the BZs risks being only a symbolic action, with no practical effect on biodiversity conservation within the protected area.
Studies focusing on demographic pressure around CUs can be carried out with a focus on one or more protected areas. There is a tendency for the study involving several CUs, such as those on a global scale conducted by Wittemyer et al. (2008) . However, such large-scale analyses are inherently incapable of providing a realistic depiction of human population trends around protected areas (Hoffman et al. 2011) . Global population data analysis is hindered by a variety of data collection procedures and interpolations of results obtained in different countries with specific situations. Any analysis performed by this method will inevitably compare significantly different data, which may lead to errors in conclusions.
Therefore, an analysis based on individual case studies of protected areas (Joppa 2011 (Joppa -2012 ) is recommended. Following in this direction, this work focuses on the geographic and demographic analysis of a single CU, the largest protected area of the Atlantic rain forest.
Thus, the main contribution herein is to present a geographic and demographic characterization of Serra do Mar State Park (SMSP) and its BZ with the aim of identifying the regions under the greatest pressure and providing subsidies for developing public policies.
Serra do Mar State Park
The SMSP was created in 1977 with the aim of ensuring an effective protection of flora, fauna, and natural landmarks, as well as being used for educational, recreational, and scientific purposes (São Paulo 1977) . It is located in eastern São Paulo State along the Serra do Mar and forms a green corridor that connects significant remnants of the Atlantic Forest in Brazil which is currently quite fragmented. According to Ribeiro et al. (2009) , the Atlantic Forest is currently distributed in 245,173 forest fragments with more than 80% of them being smaller than 50 ha (0.5 km 2 ) and have an average separation of 1.44 km. In this framework, the SMSP is the largest CU of this biome and contains the largest continuous portion of the ecosystem.
It has an enormous biological diversity with a huge variety of plants, mammals, birds, fish, insects, reptiles, trees, fungi, and bacteria. While elaborating its management plan (São Paulo 2006a), 1265 species of vascular plants had been found in different configurations of the Atlantic Forest and were identified based on the altitude variation between the high mountain range and the coast. The main units are described below: (1) Altitude fields occur at altitudes up to 1500 m being characterized by vegetation of grasses and small shrubs associated with shallow, poorly developed soils, and (2) Hillside forests occur in the mountain slopes formed mainly by clayey soils. These environmental conditions allow for the development of a dense and exuberant forest, with a canopy height of 25 to 30 m; (3) Coastal plain forests are situated below 300 m and are constituted by fluvial and lacustrine deposition associated with limiting factors, such as high salinity, low nutrient supply, and soil instability; (4) Restinga areas are located between the hillside forest and the ocean and grow in dune regions with vegetation formed by near-shrub or shrub aspects; and (5) mangroves which are found in the rivers mouths associated with muddy, unstable, and high salinity soils due to tidal fluctuations.
As regards its fauna, 111 species of mammals, 373 of birds, 144 of amphibians, and 46 species of reptiles have been found. In addition to biodiversity protection, it provides significant ecosystem services, especially in urban centers located in its surroundings, thus demonstrating several positive aspects such as reduction of temperatures, providing better protection to residents of hazardous areas, and regulating the flow of springs, thus ensuring a quantitative and qualitative water supply (Starzynski 2014) . The preservation of the park is also important for public health, since the risk of infection of diseases, such as Brazilian spotted fever is correlated to the deforestation and the lack of connection among the remaining patches of Atlantic rain forest (Scinachi et al. 2017) .
According to the Law 9.985/2000 (Brasil 2000 ) which established the National System of Environmental Conservation Units (SNUC -Sistema Nacional de Unidades de Conservação), SMSP is a member of a group called BFull Protection Conservation Units,ŵ hose essential aim is to preserve the environment, in which only an indirect use of natural resources is permitted; its area must be for the purposes of public domain, and private properties within its boundaries must be expropriated, its residents compensated and thus relocated outside the CU.
The management plan mentioned before (São Paulo 2006a) has been approved by the Environmental State Council (São Paulo 2006b) and constitutes the main instrument for planning and evaluating performed actions. A technical team is responsible for surveys and analysis of the natural ecosystem and cultural heritage, as well as to protect the park from pressures and threats posed by human occupation and public use. Knowledge generated by the technical team has stimulated discussions with local communities and the stakeholders about the concepts of participatory planning and management, which allowed the local population to approve the management plan and recommended actions. Although the SMSP management plan (São Paulo 2006a, b) has evaluated areas of each municipality within the park, a demographic characterization of its BZ has not been conducted so far, but only zoning criteria and a brief description were included in it.
Geographic position
The SMSP territory comprises 22 municipalities, of which 12 are in the coastal region (Ubatuba, Caraguatatuba, São Sebastião, Bertioga, Cubatão, Santos, São Vicente, Praia Grande, Mongaguá, Itanhaém, Peruíbe, and Pedro de Toledo) and 11 are in the plateau region (Cunha, São Luiz do Paraitinga, Natividade da Serra, Paraibuna, Salesópolis, Biritiba Mirim, Mogi das Cruzes, Santo André, São Bernardo do Campo, São Paulo, and Juquitiba). Starzynski (2014) studied the SMSP georeferenced data, found that its area is 3037.8 km 2 , and observed that nine municipalities have over 30% of their geographical territory inside the SMSP, five of which are São Vicente, Cubatão, Santos, Itanhaém, and Praia Grande, whose territorial percentages approximately range between 30 and 45%, while four municipalities-Ubatuba, São Sebastião, Caraguatatuba, and Pedro de Toledo-have approximately 60 to 70% of their geographical territory within the CU. The BZ, has an area of 4980 km 2 and it comprises the following municipalities: Embu-Guaçu, Guarujá, Itariri, Miracatu, Ribeirão Pires, Rio Grande da Serra, São Lourenço da Serra, and Suzano, all of them in the São Paulo state, and Parati in Rio de Janeiro state.
The area of each municipality located inside the SMSP and BZ has been calculated for the study region using geoprocessing techniques. Twenty-one municipalities have over 30% of their geographical territory located in the BZ, nine of which-Rio Grande da Serra, Itariri, Mongaguá, Cubatão, Juquitiba, Itanhaém, Biritiba Mirim, Santo André, and Salesópolis-have over 50% of their geographical territory situated within the SMSP. The most critical case is in Rio Grande da Serra, in which 100% of its area is located within the BZ. By considering the sum of areas located in the SMSP and the BZ, it was observed that 25 municipalities have more than 30% of their areas within the study region, nine of which-Cubatão, Pedro de Toledo, Rio Grande da Serra, São Sebastião, Ubatuba, Mongaguá, Itanhaém, Bertioga, and Caraguatatuba-present values of over 90%. Table 1 shows the geographical territory of each municipality, as well as their areas inside the SMSP and its BZ. All the municipalities are located in the state of São Paulo with the exception of Parati which is located in the State of Rio de Janeiro.
Demographic pressure Simões (2010) has studied the northern region of SMSP, and found numerous social conflicts over biodiversity conservation, which have been caused by the creation of a full protection conservation unit that disregarded the presence of residents in its territory. Among the reasons noted, the following could be emphasized: (1) strengthening expectations about compensation or expropriation of occupied areas; (2) aggravation of social exclusion situations, especially in areas occupied by fishermen and family farmers; (3) situations of conflict involving residents and environmental agents; and (4) aggravation of risks to biodiversity caused by real estate speculation. These conflicts jeopardize the governability of CUs, thus justifying the non-compliance of particular responsibilities by several governmental instances, as well discrediting public opinion of people who inhabit the surrounding areas.
Raimundo (2015), by focusing on the northern region of the SMSP, analyzed the environmental and cultural impacts from the perspective of local residents and the process of real estate speculation resulting from a progressive construction of other leisure homes by urban landowners. It was observed that the construction of second homes is limited to old local villages, and does not represent improvement in the natural environment. On the other hand, this author suggests that this situation ensures social and economic use of the area by providing work and income to local communities while not interfering with surrounding ecosystems at the same time. Thus, concluding that conflicts among locals, second-home owners, and environmental agents of the park have not yet come to a permanent solution, and that the progress of negotiations depends on local governance capacity. Similarly, Mannigel (2008) developed a theoretical framework to characterize the different levels of participation of four different community groups in the management of three protected areas considering that community participation is increasingly valued.
By analyzing the urban expansion of São Vicente, SP, in the southern region of the SMSP which has a large portion of its territory inside the SMSP and BZ, Mello et al. (2013) have found a non-sustainable development related to the expansion of economic activities in the region, not considering the environmental and socio-cultural implications. The settlements, mostly developed along the highways, were mainly responsible for the suppression of areas of mangrove and restinga. A drastic replacement of the existing natural landscape by anthropic landscape, with irregular occupations and no adequate urban infrastructure, was noted and that the remainder of the natural vegetation, largely protected by law, increasingly suffers from the pressure from economic sectors finding new areas to expand their activities.
The pressure exerted by disorderly processes of urban sprawl in and around CUs is, therefore, a cause for concern requiring efforts to mitigate its effects on the environment to be protected. The first step is to undertake an analysis that shows how serious the problem is and defines priority regions for interventions.
Method
The present work has been undertaken using both alphanumeric data from a spreadsheet and topographic and thematic maps generated in shapefile and geodatabase formats. Spatial analyses were performed by using the ArcGIS®/ESRI, version 10.1. Boundaries data of SMSP and its BZ were obtained from the management plan (São Paulo 2006a, b) which was extracted from the website of the Foundation for the Conservation and Forestry Production of the State of São Paulo (http://fflorestal.sp.gov. br/planos-de-manejo/planos-de-manejo-planosconcluidos). All these data are on shapefile format which is suitable for being used in geoprocessing software. Demographic Census data were obtained from the Brazilian Institute of Geography and Statistics (IBGEInstituto Brasileiro de Geografia e Estatística) for the year 2010, as well as geographic boundaries and municipal areas (IBGE 2010) . The SMSP and BZ areas of each municipality were calculated in a geoprocessing environment by clipping the municipal boundaries. In addition, the percentages of municipal areas in the SMSP and its BZ were calculated, which considered the municipal geographic areas provided by IBGE as reference. Figure 1 contains a flowchart showing the procedures adopted to available information integrating alphanumeric and cartographic data.
The analysis of 2010 Census data has been carried out for each census sector, which was defined by IBGE as the smallest territorial unit formed by a continuous area. This territorial division makes it possible to conduct analysis and to manage cadastral data at an appropriate scale. Consequently, information was collected for all sectors located in the study area. In order to identify the census sectors that are part of the study area, census digital network data was combined using a GIS considering the SMSP boundary and its BZ. Demographic data was obtained through a spreadsheet published by IBGE, entitled Domicilio Spreadsheet 02 UF.xls. For each census sector, the number of residents in permanent private households has been used, which made it possible to calculate its total population, as well as determine population density in the study area.
As mentioned before, data input for analysis occurred in both spreadsheet and shapefile formats. In a geoprocessing environment, SMSP and its BZ boundaries, as well as municipal boundaries and geographical data of IBGE census, were added in ArcMap. In the spreadsheet environment, the IBGE population quantitative data for the 2010 Census were inserted. The research data were transferred from one environment to another in order to perform a spatial analysis. Once census network quantitative data was transferred into a geoprocessing environment, the reverse procedure was performed; the codes identifying each of the regional sectors were transferred to a spreadsheet environment in order to calculate resident population inside the SMSP and its BZ for each municipality. As a final stage, the results were sent back to a geoprocessing environment for calculating population density and the elaboration of tables and final maps.
Results
By considering the SMSP and its BZ, the study has evaluated 1560 census sectors, where 737,928 residents lived in 2010. Inside the SMSP, 127 census sectors were identified, in which lived 24,437 inhabitants, and the denser regions were located in the municipalities of Cubatão (12,992 inhabitants), Ubatuba (8637), Peruíbe (672), and Pedro de Toledo (545); 93.49% of the inhabitants of the interior of the park resides in these four municipalities. It was observed that population density varied from 0 to 30,962 inhab.km
, and there were no residents in 70.02% of the park area, which is a necessary condition for the full protection conservation as specified by SNUC, since its essential aim is to environmental protection by admitting only an indirect use of natural resources. Private properties within its boundaries must be expropriated and residents should be compensated and relocated outside the CU. The highest population densities within the SMSP were found in the municipalities of Ubatuba, where the highest value was 2760 inhab.km −2 and Cubatão which had 13 sectors with densities ranging between 6091 and 10,000 inhab.km −2 and 4 sectors with demographic densities from 13,597 to 30,926 inhab.km −2 . In the BZ, 1432 census sectors were located, in which about 710,000 residents lived. Inhabitant distribution was characterized by denser regions, due to the fact that while 71% of these residents lived in 2.90% of the BZ, 28% of inhabitants lived in 97.00% of its area. Its population density ranged between zero and 74,436 inhab.km −2 , given that the municipalities of Cubatão, São Vicente, Itanhaém, Guarujá, Bertioga, Caraguatatuba, São Sebastião, and Ubatuba are located in the coastal region while São Bernardo do Campo, Ribeirão Pires, and Rio Grande da Serra are located in the plateau region and represent those with the highest densities. Table 2 shows demographic densities both within the SMSP and its BZ, and the area percentage of these regions for each population density.
The population density distribution in SMSP and its BZ is presented in Figs. 2 and 3 , for the southern and northern regions, respectively. This partitioning was performed in order to provide a better visualization and greater clarity in the presentation of information. In Fig. 2 , it is possible to note that the greatest demographic pressure occurred in the coastal area, where the population density is very high on the BZ, particularly in the municipalities of Itanhaém and Mongaguá (Fig. 2(A) ).
In the municipality of São Vicente, as well as in the municipalities of Pedro de Toledo and São Bernardo do Campo, the regions with the highest population densities were close to the CU boundaries. In the municipality of Cubatão (Fig. 2(B) ), the BZ presented a high population density in its boundaries, as well as inside the CU, while the municipalities of Ribeirão Pires, Rio Grande da Serra, and Santo André (Fig. 2(C) ) had the largest population in the BZ. The municipality of Cubatão, near the border with Santo André, is the narrowest part of the SMSP, which is approximately 2 km wide which, together with high population density, makes it the most critical regarding preservation of biodiversity in the CU. Figure 3 shows the population density in the northern region of SMSP and its BZ. In the same way, the highest demographic pressure occurred in the coastal area, where the BZ presented high demographic densities particularly in the municipalities of Caraguatatuba (Fig. 3(A) ) and Ubatuba (Fig. 3(B) ). Unlike in the plateau region, the demographic pressure on the BZ was significantly lower providing the CU with a buffer effect fulfilling its fundamental role.
It was observed that there is no agreement between the boundaries of sectors defined by IBGE and those for the SMSP and its BZ. In this context, a criterion was adopted for including or excluding sectors located in the study region's peripheral areas. If most of its area (over 50%) were located inside the study region, the sector would be included; otherwise, it would be excluded. This approach may have led to minor errors in calculating resident population in the study area. In Figs. 2 and 3 , the effect of this methodological decision can be seen on the maps showing population density, where regions without data are observed in the peripheral region of the BZ.
Conclusion
The results of this work may guide the process of implementing public policies and government actions for the regions of greatest demographic pressure inside the SMSP. The present study has revealed that, in 2010, there was a significant presence of residents living inside the SMPS, i.e., in approximately 30% of its area, and that there were significant human settlements particularly in the municipalities of Cubatão and Ubatuba. This fact is a direct consequence of the delayed process of creation of CUs in the country, which only evolved from the 1970s. In this process, several CUs were created in areas where there was already human occupation; however, effective measures were not taken to address the situation of the people that lived inside and surrounding of the conservation units. This has led to major territorial conflicts and competition for natural resources, making it very difficult the management of the protected areas.
The presence of these agglomerates constitutes a threat to the CU, both because of the risk of preserving biodiversity posed by an illegal extraction of its natural resources and by the impact of managing these areas, which is characterized by urbanization impact such as service network expansion, infrastructure, construction of social facilities and housing, among others. The resulting loss of biodiversity and impacts on soil and water resources, as well as waste generation, compromise the resilience of these regions. This situation is incompatible with the proposals and objectives of the CU, in accordance with the national legislation since its basic objective is the preservation of nature, permitting only the indirect use of natural resources. The individual properties within the CU should be expropriated, and the residents compensated and transferred out of the CU.
The demographic distribution of the BZ was characterized by regions of great population density. In municipalities where there is strong anthropic pressure in BZ, a detailed study is needed in order to understand the characteristics of this occupation as well as the causes of urban sprawl towards the CU. It is fundamental to investigate the effect of the municipal planning of urban expansion on the human occupations in the surrounding of the CU. In certain areas, the high population density suggests a resizing of the BZ through quantitative and qualitative criteria based on ecological, social, and economic factors. As mentioned before, it is important to note that there was a lack of agreement between the boundaries of census sectors established by IBGE based on 2010 Demographic Census and the boundaries of the SMSP and its BZ obtained in this work. Therefore, it is suggested that, in the following census surveys, a delimitation of sectors should take into account the boundaries of legally established CUs in order to allow a more accurate analysis of resident population inside and around the protected areas.
